Introduction {#S0001}
============

Thyroid hormones play an important role in cell development, growth, division, and apoptosis. They act through their nuclear receptors and affect the transcription and translation processes. Thyroxine (T4), which is the main product of the thyroid gland, is a pro-hormone that is converted into tri-iodothyronine (T3) following activation by monodeiodination. The reaction is catalyzed by deiodinase type 1 (D1) and type 2 (D2). Deiodinase type 1 is mainly present in liver, kidneys, and thyroid \[[@CIT0001]\]. The role of D2 had been underestimated until a recent study detected its presence in skeletal muscle \[[@CIT0002]\].

For many years, it has been postulated that since thyroid hormones influence cell growth and differentiation, they may play an important role in carcinogenesis. However, available data have been insufficient to achieve complete understanding of this process \[[@CIT0001]\]. The enzymatic activity and gene expression of D1 have been investigated in different cancer tissues. A significant decrease in both the gene expression and enzyme activity of D1 was detected in papillary thyroid cancer tissue \[[@CIT0003], [@CIT0004]\] as well as in papillary and follicular thyroid cancer cell lines \[[@CIT0005], [@CIT0006]\]. Reduced D1 enzymatic activity and/or mRNA expression has also been described in liver hemangioma \[[@CIT0007]\], renal clear cell cancer \[[@CIT0008]\], lung cancer \[[@CIT0009]\] and pituitary adenomas \[[@CIT0010], [@CIT0011]\]. Interestingly, elevated D1 enzymatic activity and mRNA expression have been reported in human breast cancer tissue \[[@CIT0012], [@CIT0013]\]. There is evidence demonstrating that thyroid hormone metabolism is altered in neoplastic tissues \[[@CIT0014], [@CIT0015]\]. Some studies have reported deiodinase activity in liver lesions. High levels of deiodinase type 3, which inactivates thyroid hormones, have been discovered in liver hemangiomas \[[@CIT0016]--[@CIT0018]\].

The aim of the present study was to investigate the enzymatic activity of D1 in selected liver tumors -- focal nodular hyperplasia (FNH) and hepatocellular carcinoma (HCC) -- and compare it to the corresponding levels in healthy liver parenchyma.

Focal nodular hyperplasia is a benign hepatic tumor unlike HCC, which is a malignant hepatic tumor with poor outcome. Hepatocellular carcinoma is the most common primary liver cancer secondary to liver cirrhosis and is more common in men, whereas FNH occurs more frequently in women and is the second most prevalent benign tumor of the liver, requiring surgical intervention only in rare cases \[[@CIT0019]--[@CIT0021]\].

Material and methods {#S0002}
====================

We obtained 20 tumor samples and liver tissue from patients who underwent liver resections. All the patients were clinically euthyroid prior to the operation. There were 13 cases with FNH and 7 with HCC ([Table I](#T0001){ref-type="table"}). The samples were obtained from the tumor as well as from a site distant from the tumor location, which were macroscopically found to be normal liver parenchyma. These non-cancerous tissues were used as the controls. Immediately after the operation, the collected samples were frozen in dry ice and stored at --70°C until analysis.

###### 

Demographic data

  Diagnosis   Number of cases   Age \[years\]        
  ----------- ----------------- --------------- ---- ----
  FNH         13                18              28   41
  HCC         7                 31              55   73

Tissue samples were thawed and homogenized in homogenization buffer (0.1 M PE \[K~2~HPO~4~/ KH~2~PO~4~\], 1 mm ethylene diamine tetraacetic acid (EDTA), 10 mM dithiothreitol (DTT) and 0.25 M sucrose, dH~2~O, pH 7.0). The protein concentration was estimated by the bicinchoninic acid (BCA) method using bovine serum albumin as the protein standard.

Deiodinase type 1 activity was measured by quantifying the radioactive iodide released from 3^/^5^/^\[^125^I\]-rT3, which was purified just prior to each assay by chromatography in a Sephadex LH-20 column \[[@CIT0008], [@CIT0022]\]. It was washed out with 10 ml of H~2~O followed by elution with 2 ml of 75% ethanol in 0.5-ml fractions (this amount of alcohol did not affect the reaction). Fractions with the highest activity were selected (50 000--60 000 CMP), and 70 μl was added into each reaction tube.

The samples were incubated in phosphate buffer (0.1 M PE and 1 mM EDTA; pH = 6.9) for 30 min at 37°C along with 1 nM unlabeled rT3 and 10 mM DTT. Each assay was performed twice and there was always one extra sample containing propylthiouracil (PTU) to show D1 inhibition by this agent. After incubation, the reaction was stopped by placing the samples in an ice bath. The samples were then precipitated by addition of 100 μl of horse serum and 50 μl of 50% trichloroacetic acid (TCA). The samples were then vortexed for 1.5 min and centrifuged at 9000 rpm for 5 min. An aliquot of the supernatant containing \[^125^I\] but not labeled iodothyronine was counted in a gamma counter (Wizard-1470, Wallac). The final enzymatic activity was expressed as fmol of released \[^125^I\] per mg protein per minute.

Statistical analysis {#S20003}
--------------------

Statistical analysis was performed with the use of the "STATISTICA" software (StatSoft, Inc. Oklahoma, USA). All data was reported as median and range values. Groups were compared by the Mann-Whitney non-parametrical test for independent trials and the Kruskal Wallis test.

Results {#S0004}
=======

The enzymatic activity was not significantly altered in the FNH group (536 fmol/mg of protein/min; range: 321--1149) as compared to the healthy controls (546 fmol/mg of protein/min; range: 56--1211) (*p* = 0.972) ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). Further, the enzymatic activity in the HCC group (367 fmol/mg of protein/min; range: 9--553) was not significantly altered as compared to the healthy liver controls (556 fmol/mg of protein/min; range: 297--744) (*p* = 0.128) ([Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}).

![D1 activity in each of the 13 cases of focal nodular hyperplasia (FNH)](AMS-10-20532-g001){#F0001}
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![D1 activity in each of the 7 cases of hepatocellular cancer (HCC)](AMS-10-20532-g003){#F0003}

![Comparison of D1 activity in HCC and surrounding healthy liver control](AMS-10-20532-g004){#F0004}

Discussion {#S0005}
==========

Previous studies have reported low D1 activities in different malignant tumors, including papillary thyroid cancer \[[@CIT0003]\], lung cancer \[[@CIT0009]\], and renal clear cell cancer \[[@CIT0008]\], as well as in benign tumors such as pituitary adenoma \[[@CIT0010], [@CIT0011]\]. Decreased D1 activity has also been found in papillary and follicular thyroid cancer cell lines as well as in liver hemangioma compared to healthy parenchyma \[[@CIT0005]--[@CIT0011]\]. Additionally, proinflammatory cytokines have been postulated to be one of the factors inhibiting D1 activity \[[@CIT0015]\]. On the other hand, Davies *et al*., by analyzing D1 enzyme activity in phi1 rat liver cells stimulated by TNF-α, IL-1β, and IL-6, did not support this hypothesis \[[@CIT0023]\]. The availability of vitamin D may also play a role in D1 activity inhibition. A study carried out by Macejova *et al*. reported reduction in D1 enzyme activity in the livers of rats treated with vitamin D \[[@CIT0024]\].

On the whole, the D1 activity between HCC and FNH did not show any statistically significant differences as compared to healthy liver parenchyma. However, close observation of individual cases reveals some significant changes. For instance, case 4 of the FNH group shows decreased D1 enzyme activity within the healthy liver ([Figure 1](#F0001){ref-type="fig"}). This variation in the data in case 4 may be due to an undiscovered underlying disease. The patient in question suffered from primary sclerosing cholangitis (PSC) and ulcerative colitis, unlike the remaining patients in the FNH group. Studies have demonstrated that PSC initiates thyroid dysfunction with reduced D1 levels in a manner similar to primary biliary cirrhosis \[[@CIT0025]\]. On the other hand, a study carried out in Italy showed that only approximately 3% of patients with ulcerative colitis also had either hyperthyroidism or hypothyroidism \[[@CIT0026]\]. Therefore, in case 4, rather than the explanation being a significant increase of type D1 deiodinase in FNH, it may alternatively be a relative decrease in normal parenchyma D1 activity which is due to the primary liver disease.

In the HCC group, cases 1 and 7 showed a significant decrease in D1 enzymatic activity within the HCC tumor as compared to the control and the remaining HCC cases ([Figure 3](#F0003){ref-type="fig"}). We further investigated tumor markers and found elevated levels of α-fetoprotein (AFP) above 500 μg/l (normal level: up to 40 μg/l) in 3 of the 7 cases of HCC. Of the 3 cases, 2 cases showing elevated AFP levels also exhibited decreased D1 enzyme activity within the HCC tumor. Interestingly, a high level of AFP is an indicator of poor survival \[[@CIT0027]\]. This could support the evidence of low D1 activity observed in other cancers. Low D1 activity within a tumor might be an indicator of high tumor cell grade and poor differentiation. Tumor cells do not resemble native hepatocytes, which results in decreased D1 activity and may influence the aggressiveness of the tumor. Thus one may speculate that D1 activity in these two cases behaves in a manner typical for other carcinomas.

On the other hand, in liver cirrhosis, diminished T3 levels are considered to be an adaptive process to reduce the basal metabolic rates within hepatocytes and to preserve liver to preserve liver function, possibly through reduced D1 reactivity since D1 is responsible for approximately 40% of the conversion of T4 to T3 in the liver \[[@CIT0028]\]. It might partly explain the higher level of D1 enzyme activity in some HCC cases compared with normal controls.

Potentially, D1 enzymatic activity can be an indicator not only of advanced HCC but also the extent of hepatocyte dysfunction secondary to cirrhosis.

In the cases other than the ones mentioned above for the FNH and HCC groups, D1 enzymatic activity did not deviate far from the controls. There were no significant differences regarding D1 enzyme activity between healthy liver parenchyma and either HCC or FNH. This may be attributable to the same cell origin of both of these tumors, which are mainly derived from liver parenchymal cells. This suggests that this metabolic pathway in the tumor cells is similar to those in healthy tissues; thus D1 activity is not altered in most instances by the neoplastic transformation.

There may be a correlation between hepatocytes and D1 activity, since tumors associated with hepatocytes show little to no change in D1 activity whereas liver hemangiomas, the most frequently encountered benign liver tumors, exhibit significantly altered D1 activity \[[@CIT0007]\]. It is important to bear in mind that liver hemangiomas are not derived from hepatocytes as case of HCC and FNH.

Our findings demonstrate unaltered D1 activity in most of the cases of FNH and HCC examined in this study. The results show that there were very few cases within the FNH and HCC groups with increased D1 enzymatic activity and decreased activity, respectively. This suggests that thyroid hormones play an unknown role in these types of liver tumors. Further investigations may help gain insights into the differentiation of these tumors. Generalization of the results indicates that D1 activity is related to the type of cells from which the tumor is derived. Analyzing individual cases of the two tumor groups revealed that thyroid hormones might have an impact on varying stages of tumorigenesis, and may hold the key for further differentiation and diagnosis of these liver tumors.

In conclusion, D1 enzyme activity was not significantly different between FNH, HCC and healthy liver parenchyma. The obtained results did not make it possible to formulate criteria for tumor differentiation based on D1 activity. However, in selected cases it may provide insights into further differentiation and grading of HCC.
